1. Unit 4 Overview 


Unit 4 Overview 


This overview is based on 

umdberg / Reductionism and emergence (2015). Available at: 
http://umdberg. pbworks.com/w/page/68371403/Reductionism%20and%20e 
mergence%20(2015). (Accessed: 23rd August 2017) 


Science considers a wide variety of scales. In physics and biology we 
consider 


e the nanoscale of atoms and molecules -- distances of nanometers 
(atomic size) and timescales of microseconds; 

e the microscopic scale used in cellular biology -- distances of microns 
to millimeters and times of fractions of a second; 

e the macroscopic human scale we are used to in everyday life -- 
distances of meters to miles and times of seconds to years; 

e the global/deep time scale of ecology and evolution -- distances 
spanning thousands of kilometers and times of millions of years. 


Physics considers scales beyond this including subatomic and even 
subnuclear structures and cosmological scales to the size of the entire 
visible universe and timescales of the lifetime of the universe. 


We tend to analyze each system on its own terms using the concepts 
appropriate to the scale. But some of the most interesting scientific insights 
come from crossing scales. When we explain the properties of systems at 
one scale in terms of its component parts at a finer scale it's 

called reductionism. So when we analyze the conductivity of copper in 
terms of the bonding properties of copper atoms and how they share 
electrons from one atom in a crystal to the next, it's reductionism. When a 
patient experiences palpitations, sweating, dizziness, and headache, a 
caregiver might interpret this as occurring as a result of an imbalance ina 
chemical in the bloodstream -- insulin. Both of these explanations of a 
macro event in terms of microscopic properties are reductionism. We are 
looking at a system at a large scale and its characteristics are explained by 
something happening at a smaller scale. 


We can consider the phenomenon of scale crossing in the other direction. If 
we are looking at a system at one scale, we might find that effects that seem 
very small add coherently to produce a dramatic and important effect when 
we step back and look at things at a larger scale. When the properties of a 
system at the scale we are considering have effects on a system of a larger 
scale, it's called emergence, especially when the phenomenon might be 
almost un-noticable at the scale we are considering. 


A physical example is polarization. If we put an atom in an electric field of 
typical macroscopic values (a few volts per meter), the electrons and the 
nucleus are pulled apart -- but only by a very tiny amount, perhaps 1 part in 
100,000 of the atom's diameter. We might assume this is so tiny an effect 
that it can be ignored; but if every atom in a macroscopic object undergoes 
the same slight separation, the total effect might be that we can pick up the 
object, lifting it against gravity with the sum of the tiny electric forces we 
are exerting on each atom. The fact that we have so many atoms multiplies 
what looked to be a tiny effect. A similar phenomenon occurs in biology 
when there is a small survivability advantage to a mutation. One might not 
see any effect for many generations, but given thousands of generations, the 
gene pool of a population can be completely transformed by natural 
selection. 


Of course, these are the same phenomenon, just looked at from different 
angles. But whatever scale we are considering, keeping these two 
perspectives in mind will help us to look for structures both at smaller 
scales that might provide reductionist explanations and at larger scales that 
might have emergent properties. 


